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^ (54) Title: REACTOR SYSTEMS HAVING A LIGHT-INTERACTING COMPONENT 

o 

^ (57) Abstract: Various aspects of the present invention relate to light-interacting components suitable for use in chips and other 
reactor systems. These components may include waveguides, optical fibers, light sources, photodetectors, optical elements, and the 

O like. If waveguides are used, they may be fashioned out of any material able to transmit light to or firom the reaction site. The chip 

^ may contain a reaction site having a volume of less than about 1 ml. In some embodiments, the chip may be constructed in such 
a way as to be able to support a living cell. The chip may be used for imaging or analysis, or the chip may be used to facilitate 

Q a chemical or biological reaction, which may be light-sensitive or light-activated in certain cases. Other facilitated reactions may 
include the production or consumption of a chemical or biological species. In some embodiments, the chip may include more than 

)^ one component or component type, or more than one reaction site. 



*T AVAILABLE COPY 



AMENDED CLAIMS 

[received by the Intemational Bureau on 22 December 2003 (22.12.03) ; original claims 1-96 
replaced by amended claims 1-124 (9 pages)] 
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1 . An apparatus, comprising: 

a chip comprising a predetermined reaction site having a volume of less 
than about 1 ml the predetermined reaction site constructed and arranged to 
maintain at least one living ceil at the site, the site being suitable for cell culture; 
and 

the site being transparent so that the site is optically accessible. 

2. The apparatus of claim 1, wherein the chip is transparent. 

3 . The apparatus of claim 1 , comprising a plurality of reaction sites. 

4. The apparatus of cl^im 1, wherein the predetermined reaction site has a volume of 
less than about 500 microliters. 

5. The apparatus of claim 1, wherein the predetermined reaction site has a volume of 
less than about 100 microliters. 

6. The apparatus of claim 1, wherein the predetermined reaction site has a volume of 
less than about 10 microliters. 

7. The apparatus of claim 1, wherein the predetermined reaction site has a volume of 
less than about 1 microliter. 

8. The apparatus of claim 1, wherein the predetermined reaction site has a maximum 
dimension of less than about 1 cm. 

9. The apparatus of claim I, wherein the predetermined reaction site has a maximum 
dimension of less than about 1 mm» 

10. The apparatus of claim 1, wherein the predetermined i cactlon site has a maximum 
dimension of less than about 100 micrometers. 
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43* An apparatus, comprising; 

a chip comprising a pr6dctcr0un©4 reaction site having at least one 
substantially hydrophobic surface and a volume of less than about 1 ml, the site 
being suitable for cell culture; and 

the site being transparent so that the site is optically accessible. 

44. An apparatus, comprising; 

a chip comprising a predetcnninecl reaction site having at least one 
substantially hydrophllic surface and a volume of less than about 1 ml, the sHe 
being suitable for cell culture; and 

the site being transparent so that the site is optically accessible. 

45. * An apparatus, comprising: 

a chip comprising a predetermined reaction site having at least one 
substantially cytophilic surface and a volume of less than about 1 ml, the site being 
suitable for cell culture; and 

the site being transparent so that the site is optically accessible. 

46. An apparatus* comprising; 

a chip comprising a predetermined reaction site having at least one 
substantially cytopbobic surface and a volume of less than about 1 ml, the site 
being suitable for ceil culture; and 

the site being transparent so that the site is optically accessible. 

47. An apparatus, comprising: 

a chip comprising a predetermined reaction site having a volume of less 
than about 1 ml, the predetermined reaction site constructed and arranged to 
maintain at least one living cell at the site and being suitable for cell culture; and 

a photodetector in optical communication With the predetermined reaction 

site. 

48. The apparatus of claim 47, wherein the photodetector is able to detect the presence 
of a cell at the predetermined reaction site. 
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58. The method of cluim 56, wherein the electromagnetic radiation comprises visible 
light. 

59. Tlie method of claim 58, wherein the eicctromagnctic radiation consists essentially 
of visible light. 

60. The method of claim 56, fiirther comprising the step of determining a property of 
the interaction based on the measuring step* 

6 1 . The method of claim 56, wherein the measuring step comprises determining the 
optical density of the altered light. 

62. The method of claim 56, wherein the interaction comprises fluorescence, 

63. The method of claim 56, wherein the interaction comprises light scatteriog. 

64. The method of claim 56, wherein the electromagnetic radiation is substantially 
monochromatic. 

65. The method of claim 56, wherein the material comprises a cell 

66- The method of claim 56, wherein tiic electromagnetic radiation has a wavelength 
of between about 350 nm and about 1 0^000 nm. 

67. A method, comprising: 

providing a predetermined reaction site having a volume of less than about 
1 mU the predetermined reaction site constructed and arranged to maintain at least 
one living cell at the site and being suitable for cell cu}tun;; and 

optically causing a biological change in a biological material located at the 
predetermined reaction site. 

68, The method of cldm 67, wherein the biological material comprises a cell. 



AMENDED SHEET (ARTICLE 19) 



-52- 

An apparatus, comprising; 

a chip comprising a predetermined reaction site having a volume of less 
than about I ml, the predetermined reaction site constructed and arranged lo 
maintain at least one living cell at the site and being suitable for cell culture; and 

a filter able to filter light entering or exiting the predetermined reaction site, 
Wherein the filcer is integrally connected to the chip. 

An apparatus^ comprising; 

a chip comprising a predetermined reaction site having a volume of less 
than about 1 ml, the predetermined reaction site constructed and arranged to 
maintain at least one Uving cell at the site and bebg suitable for cell culture; and 

a light-interacting component integrally connected to the predetermined 
reaction site. 

An apparatuSj comprising: 

a chip comprising a predeteimined reaction site having a volume of less 
than about i ml, the site being suitable for cell cuhure; and 

an actuator able to target a &st cell type within the predetermined reaction 
site %vithout targetmg a second cell type, 

An apparatus, comprising: 

a chip comprising a predetermmed reaction site having an inlet, an outlet, 
and a volume of less than about 1 ml, the predetermined reaction site constructed 
and arranged to maintain at least one living cell at the site and being suitable for 
cell culture, wherein the chip is substantially transparent, 

A method, comprising: 

providing a chip comprising a predetermined reaction site having an inlet, 
an outlet, and a volume of less than about 1 ml, the predetermined reaction site 
constructed and arranged to maintain at least one living cell at the site and being 
suitable for cell culmre; and 

optically addressing the predetermined reaction site. 
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93. The apparatus of claim 89, wherein the silicon-based material comprises a carbide. 

94. The apparatus of claim 89, wherein the silicon-based material comprises a nitride. 

95. The apparatus of claim 89, wherein the silicon^based material comprises an oxide, 

96. The apparatus of claim 87, wherein the waveguide comprises a polymer. 

97. The apparatus of claim 96, wherein the waveguide consists essentially of the 
polymer. 

98. The apparatus of claim 96, wherein the waveguide comprises polystyrene. 

99» The apparatus of claim 96, wherein the waveguide comprises polyaorylate. 

100. The apparatus of claim 96, wherein the waveguide comprises polymethacrylate. 

1 0 L The apparatus of claim 96, wherein the waveguide comprises polycarbonate. 

102. The apparatus of claim 96, wherein the waveguide comprises polyimide. 

103* The apparatus of claim 96, wherein the waveguide comprises polyvinylidehe 
fluoride. 

104. The apparatus of claim 96, wherein the waveguide comprises polyethylene. 

1 05. The apparatus of claini 96, wherein the waveguide comprises polypropylene. 

1 06. The apparatus of claim 96, wherein the waveguide comprises polyolefin. 

1 07. The apparatus of claim 96, wherein the polymer is fluorinated. 
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a milled waveguide in optical coimnunication with the predBtermined 
reaction site. 

114. An apparatus, comprising: 

a chip comprising a predetermined reaction site having a volume of tess 
than about 1 ml, the site being suitable for cell culture; and 

a machined waveguide in optical communication with the predetermined 
reaction site. 

115. An apparatus, comprising: 

a chip comprismg a predetermined reaction site having a volume of less 
than about I ml, the predetennmed reaction site constructed and arranged to 
maintain at least one living ceil at the site and being suitable for cell culture; and 

an optical element in optical communication with the predeteimjned 
reaction site. 

1 1 6. The apparatus of claim 115, wherein the optical element is mtegrally connected to 
the apparatus. 

117. The apparatus of claim 115, wherein optical eletnent is a dif&action gratmg. 

118. The apparatus of claim 115, wherein the optical element is a lens. 

119. The apparatus of claim 1 1 8, wherein the lens is a diverging lens. 

120. The apparatus of claim 11?. wherein the lens comprises a graded index material. 

121. The apparatus of claim 1 1 5> wherein the optical element is constructed and 
axranged to focus light on a waveguide, 

122. The apparatus of claim 1 15> wherein the optical element is Constructed and 
anraaged to focus light on a point located within the predetermined reaction site. 
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